For oesophageal pH monitoring, the pH probe is usually positioned 5 cm above the lower oesophageal sphincter (LOS). This is by convention, and has not been compared with other positions in its ability to discriminate between physiological and abnormal acid reflux. Using simultaneous two level 24 hour pH monitoring (5 and 10 cm above manometrically determined LOS) in 31 controls and 51 patients with reflux oesophagitis, the significance of the precise position ofthe probe in the oesophagus was examined. Secondly, this study compared the discrimination between the two groups achieved at the two levels. Patients had greater acid exposure than controls at both levels. In controls, acid exposure was greater at distal than at the proximal level except the supine acid exposure, which was similar at both levels. In patients, acid exposure was greater at the distal level for all variables (median % of total time pH <4=11-7 v 7-6; p=0001). There was excellent correlation between the two levels for all variables in controls (r=0-883, 0935, 0-813, and p<0001 for percentage of time pH <4 for total, supine, and upright times) as well as in patients (r=0-848, 0-848, 0 779, and p<0001). On discriminant and receiver operating characteristic analysis, pH threshold 4 seemed as good as or better than other pH thresholds in discriminating between controls and patients. The percentage of total time pH below 4 seemed to discriminate as well or better than other variables at both levels. The distal level (5 cm above LOS) provided slightly better discrimination than proximal level (10 cm) (percentage of subjects correctly classified=81-7 v 75.6). The critical factor for the reliability of the test is not the precise position of the pH probe relative to the LOS, but that the same position is consistently used in patients and controls.
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(Gut 1994; 35: 304-308)
Oesophageal pH monitoring was first used by Tuttle and Grossman in 1958 . ' pH MONITORING We have described the methodology of this test in a previous paper.'2 In summary, all subjects in this study had two separate antimony pH probes positioned in the oesophagus at 5 and 10 cm above the manometrically determined upper border of the lower oesophageal sphincter. No drugs were permitted for 48 hours before and during the test. The data were analysed using Esophogram software (Synectics Ltd). The reflux variables used in this study were the percentage of total, supine, and upright times below pH thresholds of 5, 4, 3, and 2. The number ofreflux episodes lasting longer than five minutes at each of these pH thresholds were also used.
STATISTICAL ANALYSIS
For the analysis of discrimination between the controls and the patients, two separate methods were used. Firstly, linear discriminant analysis was done for each reflux variable after square root transformation of the data. This was necessary because the data were not normally distributed. Square root transformation was preferred over log transformation because the values in a significant proportion of controls and some patients were so low that they approached zero after log transformation and the computer programme (Minitab, USA) tended to exclude these subjects from the analysis. Cross validation was used to compensate for an optimistic apparent error rate.
Secondly, the data were analysed by generating receiver operating characteristic curves'3 '4 for each of the variables of acid reflux. For this, each observed value of a variable was consecutively regarded as a threshold and the percentage of true positive (sensitivity) and false positive (100% specificity) for all of these thresholds were then calculated individually and plotted with the percentage of true positive on the vertical axis and the percentage of false positive on the horizontal axis. This gave the receiver operating characteristic curve for that particular variable. One way of objectively measuring the diagnostic value of a test is to calculate the area under the receiver operating characteristic curve for that test as a fraction of the total area.'3 The greater the area under the curve, the better is the discriminatory value of the test. The area under the curve was measured for each variable using the trapezoid rule. The cut off points for each variable providing the best discrimination between the two groups were obtained by determining the tangential point with a gradient of 1:1. There was no need for correcting for the difference in the numbers between the two groups as the data (true positive and false positive) were represented in percent- Once the cut off point for a particular variable was determined, the sensitivity and specificity for that variable was easily read off its receiver operating characteristic curve.
The differences in various values between and within the groups were analysed using standard two tailed non-parametric tests (Mann-Whitney and Wilcoxon's signed rank tests). Linear regression was used to analyse correlation between various reflux variables. 
Results
As would be expected, the patients had significantly higher values than controls for all reflux variables measured at both distal and proximal levels. Figures 1 and 2 show the differences between the two groups at pH threshold 4. The values at the distal level were significantly higher than at the proximal level for all variables in the patients (Table I ). In volunteers, however, there was no statistically significant difference for acid exposure in supine posture and the number of reflux episodes longer than five minutes (Table I) . Interestingly, the median ratio for acid exposure at 5 v 10 cm above LOS was significantly lower in supine than in upright posture in controls as well as the patients (Table  II) . In both groups, there was a strong correlation between the corresponding values at the distal and the proximal levels (Fig 3) .
The discriminant analysis showed that overall the simple measurement of percentage of total time (compared with the percentage of supine or upright times, or the number of reflux episodes lasting longer than five minutes) provided better or as good discrimination between the two groups at all pH thresholds as the other variables at both distal and proximal levels. Generally the threshold of pH 4 was superior to other pH thresholds at the distal level although the differences between the pH thresholds were comparatively small. At the proximal level, the threshold of pH 5 was marginally superior to pH 4 for the percentage of total time (percentage of subjects correctly classified=78 v 75 6). Tables III and IV show the results of the discriminant analysis for both levels at all pH thresholds.
Similar results were obtained on receiver operating characteristic analysis. Using area under the curve measurement, the percentage of total time pH below 4 emerged as the single best discriminator between the controls and the patients except at the proximal level where percentage of total time pH <5 seemed slightly better (Table V) . When the cut off points from each of these curves were obtained using a gradient of 1: 1, and the sensitivity and specificity figures were calculated, again the simple measurement of percentage of total time pH <4 emerged as at least as good if not a better single ,discriminator than other measurements at both distal and proximal levels.
With both methods of analysis (discriminant and receiver operating characteristic analyses), it seemed that the distal level provided slightly better discrimination than the proximal level. The difference was, however, small.
Discussion
Several studies using 24 in controls in the earlier studies may have been because of a number of factors such as the use of endoscopy'7 and barium meal'5 to exclude control subjects with asymptomatic oesophagitis or reflux, rigid standardisation of diet,8 16 and small sample size.8 16 It has been shown that at both levels, the simple measurement of the percentage of total time pH below 4 provides at least as good or better discrimination than any other variable.
In controls as well as in the patients, the degree of acid reflux was higher at 5 cm than at 10 cm above the LOS. One notable exception to this, however, was the supine reflux in controls, which was not significantly different at the two levels. There are two plausible explanations for this. Firstly the level of supine reflux in volunteers was so low at both levels (median values for percentage of supine time pH <4=0 3 and 0 4 for 5 and 10 cm above the LOS respectively), that it would have been difficult to detect any differences simply for that reason. The second, and an attractive alternative explanation would be that in supine posture, in the absence of the factor ofgravity, the refluxate may have travelled higher in the oesophagus than in the upright posture. This impression is reinforced by the fact that the median ratio of acid exposure at 5 v 10 cm above the LOS was significantly lower for the supine posture than for the upright posture in controls as well as the patients. Interestingly Shaker et al '8 in their short term pH monitoring study in seven controls and seven patients noted that while the total acid exposure was four to fivefold higher in the distal oesophagus than in the proximal oesophagus, the regional differences were more pronounced in the upright than in the supine posture. identify up to 20% of patients with confirmed endoscopic oesophagitis. This is obviously not good enough for a standard test. Equally, however, it must be admitted that other workers have shown that ambulatory pH monitoring is capable of detecting abnormal acid reflux in up to 60% of patients with reflux symptoms and normal endoscopy. 22 The role of oesophageal pH monitoring in the diagnosis of gastro-oesophageal reflux disease is, therefore, complementary to endoscopy and is best used in patients with normal endoscopy. Because of its ability to permit temporal correlation of symptoms with acid reflux, pH monitoring also has an important part to play in the assessment of atypical symptoms such as chest pain or respiratory symptoms -that is, nocturnal wheezing, hoarseness, etc,23 24 where reflux is suspected to be the cause of these symptoms.
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